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of computers as biochemical research tools
comes from the rapidly developing field of
real-time animated computer graphics, combined with the computational powers of
modern computers. Many important biomolecules (most enzymes and RNA) cannot be crystalized; also extrapolating from
the crystal to a vibrating rotating molecule
in solution may lead to oversimplification.
In the last two years, theoretical biochemists have been remarkably successful in
computing the shapes, or conformations,
of molecules such as RNA, which has not
been crystalized, from the calculations of
the forces between the atoms of molecules.
This information is not available from any
other experimental techniques, yet it is
essential to the understanding of the action
of RNA. A simplified black and white
representation of an R A molecule is
shown in Figure 4.
During a recent visit to the Evans and
Sutherland Corporation in Salt Lake City,
I used a state-of-the-art biochemical "research engine" which allowed the operator
to selectively vary the conformations of an
enzyme and of the substate (the small
molecule that the enzyme causes to react)
on an atom-by-atom or bond-by-bond basis as a way of studying why enzymes are so
extraordinarily efficient in causing reactions to take place. The same system is
already providing important insights for
pharmaceutical chemists in the area of
drug and drug receptor interaction. In fact,
new drugs are being designed by the use of
this system. In the very near future, the
system will be able to describe interactions
between large biomolecules, thus opening
the way for important discoveries in areas
such as molecular recognition of D A
(how a regulatory protein recognizes D A, or vice-versa).
Molecular recognition between large biomolecules, followed by interaction to form
"super molecules," appears to require the
two molecules (receptor and substrate) to
be in contact over a large area, and to
involve the existence or formation of a
large cavity in one of the two molecules.
During the course of the interaction, there
is a balance between flexibility and rigidity
on the part of each molecule. As the
process proceeds, many interactions develop between atoms or bonds in the
receptor, and atoms or bonds in the substrate. Animated color graphics, based on
theoretical computations or just on experi-

mental changes by the operator, are enabling us to begin to understand these complicated processes.
The miniaturization of electronic circuit
designs has caused dramatic decreases in
the size and cost of computer graphics
hardware. A "research engine" such as the
Evans and Sutherland PS 300 system that
produces real-time animated molecular
graphics in color is much smaller than a
minicomputer, currently sells for $40,000
and only requires the intermittent use of a
minicomputer such as the VAX. Since it is
a special purpose machine, it is about as
fast (1,000,000,000 computations per
second) as the most recent Cray supercomputer. What is even more remarkable
is that it is now cheaper to implement a
graphics subroutine in hardware ("silicon
software") in such a machine than it is to
have a programmer write the special subroutine for a general purpose computer
such as the VAX II {780. The repeated
temporary storage of partial results in
memory in the general purpose machine is

eliminated in the special purpose machine,
thus yielding remarkable efficiencies in
cost and time.
Five years ago, a miniaturized microcomputer circuit or chip like the Motorola
68000 microprocessor (which runs the Macintosh microcomputer) cost twenty million
dollars and five years of time to develop; a
chip of similar size can now be developed
in six months at a cost so low that a profit
can be made on a production run of only
ten units. It is projected that within a year
or two, such a miniaturized circuit or chip
may be produced in days rather than
months. As the cost of miniaturized electronic circuits or chips decreases rapidly,
the power and complexity of the individual
chips is increasing just as rapidly. Drastic
cost decreases and even more dramatic
performance increases will result in the
area of real-time animated computer
graphics. For these reasons, biochemical
research will come to depend more and
more heavily on such techniques.
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A Winter That Will Not Thaw
My grandmother rocks before a cracked
and drafty hearth. She coughs shivers
stares with eyes awkward as galoshes.
Her arms are crossed, hands locked
in the armpits. She motions with her head
for me to come, to warm myself
around a stove that wheezes heat.
My father, dressed in myoId khaki coat,
stomps his feet on my front porch.
He breaks my only shovel into pieces.
He tries to speak to me through glass
but can't. His face would shatter.
He kneels and presses lips against
the keyhole. Sleet, he breathes, Sleet.
I lie in bed, my newborn son tucked
at my side. A last resort for warmth.
Suddenly, I strip away the quilts.
My son is blue, his face the moon.
I clutch him to my chest and squeeze.
I find his wrist and squeeze it,
squeeze it, till it snaps.

- Chuck Ozug
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